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SUMMARY

A method and apparatus for mesking quantitative tests of the
spray characterlstics of flying-boat~hull models has been developed.
Three~view photographs are taken on one negative, with the aid of
mirrors; measurements are made from the photographs, and the results
are presented in the form of charts which ghow the side view and the
front view of the envelope curves of the principal features of the
spray as functions of spesd and load, The epray envelopes are
located on these chartes with reference to the model (not the undis-
turbed water surface), so that, by superimvosing a trensparent draw-
ing of a proposed corplete flying boat, interferences may be detected
at a glance. An example of the latter procedure is shown in figure
5. Here data are given for the lower speed range only, this range
being of more importance, in mcst ceses, than the planing rarge.

The method 1s applied, in this report, to three related models
of flylng-boat mills which differed in one msjor characteristic of
shape; namely, the general overall dead rise. Snray and roach
characteristics in smooth water are considered, The models had no
tall extensions and were not self-propelled.

From the results obtalned, it is concluded that larger dead-
rise angles then are ordinerily employed (about 20° at the main step)
produce very slightly lower spray blieters in the lower speed range
and that smaller dead-rise angles are quite undesirable, especially
at high speeds; 11t 1s concluded, also, that the roach at the stern
(vhich may interfere with the tall cone at speeds just prior to the
hump) becomes lower as the dead rise 1s increased,

In an appendix a review is made of the problem of scale effect
in spray measurements on models. It is concluded that, apart from
questions regarding. the effect of proveller slipstream, model and
flying boat may be expected to have strikingly similar spray under
corresponding conditions,



IETRODUCTICN

The spray thrown up by flying~boat hulls during take-off and
landing may demage the propellers, the wings, or the tall surfaces.
The spray and the sterm roach mey csuse additional resistance, thus
hampering teke-off,

One of the objocts of the work considered in this report was to
develop & simple method, together with apparatus, for making quanti-
tative measurements of spray created by a flying-boat-hull model
while moving on the water,

Another objective of the work was to develop & form of pre-
gentation of results which would give the designer a quick, vivid
plciure, and permlt ready ccmparison between hull forma, The form
of presentation adopted lnvolves pvlots of the results on outline
glde and front views of the model, as shown in figure 5, The XP32M-1
flying boat has been drawm in on this chart to illustrate how inter—
ferences with parte of the elrplane can be drought out, A designer
can easlly prepare a similar drawing of any proposed design on trans-
parent paper and, by laying the tranaparent sheet over the appropriete
chart of test results, determine directly the space relations between
parts of the proposed airplsmne and the spray when the hull in ques-—
tion 1s used. It should be noted that, while the tests herein re-
ported were made without *all conee, the tall cone can easily be in-
corporated in the model if desired.

This investigation, conducted at the Stevens Institute of
Technology, was sponsored by, and conducted with financial assistance
from, the National Advisory Committee for Aeronautics,

METHOD FOR RECORDING SPRAY

The subject of spray charmcteristics has received considerable
attention in the past, but most of the previous work appears to have
been esgsentially qualitative in character.

Sottorf (reference 1) used & method of measuring the height and
contour of the spray in one plane relative to the still water by
meang ¢ '"moasuring needles." His method was discarded for present
use¢ 23 Joing too time-consuming and not giving sufficlently complete
inforretion. Careful thought was glven to several other methods of
meagsuring the spray and 1%t was finally decided that photographic
methods offered the greatest pos=lbilities for obtaining accurate re-
sults quickly. :



Satisfactory photographs of flying-boat models require very
short exposures to stop the motion. Dr. Harold H, Hdgerton of
the Magsachusetts Ingtitute of Technology has -developed several
types of light suitable for the purpose. Oune type, adapted to
single shots, 1s mar'teted under the trade name Kodatron. It
glves a flash time of somewhat less than 0.0002 pecond. Opera-
ting on the principle of the rapld discharge of a condenser,
time (normally 10 sec.or more) is required to charge the conden-
ser after each discharge., Another type of light 1s designed to
glve a contimious serles of raplid.flaghes. Operating on ordi-
nary alternating current, it flashes sixty times a second, the
period of each flash being about 0.00005 second, When used with
a motion~plcture camera, the camera shutter 1ls removed and the
f£11m fed through at a constant speed so that 60 photographs per
second are recorded,

Where psrformance in still water gilves sufficlently complete
information, a single pheotograph of large size is obviously better
than a series of vhotographs which, for reasons of convenlence in
presentation, mist necceszarily be smnller. One photograph will
show as much as a serlas becauce ths spray and wave patterns are
of uniform psttorn once the kiull has teen brought up to steady
speed., Where knowledge ¢f perinrrsance in rough weter is necessary,
a serles of vhotoszaphs ig pr.farable beceuse the spray and wave
patterns chesage with the relative pssitions of the bhull and waves.

The forebody of a flying-hoat iull caunses at least two, more
or less dlsiinct, types of spray. Tnese are illustrated in the
gketches in figure 6, The first type grows out of the bow wave
at very low speeds and bullds up in the form of a blister of in-
creasing helght, with l1ts peak orogressively farther aft, =as the
speed advances toward the planing renge. Although influenced to
some extent by rough water, this type of spray may be consldered
to be primarily a smooth-water characteristic, and studied as
such., The second type of forebody epray is primarlily a rough-
water characteristic and 1s attributable to impact with heed seas
of the relatively blunt form of the bow itself; it cen be parti-
cularly obJectionable in obscuring vision through the windshield,

4 third type of spray 1s produced by the afterbody of a
flying-boat mll, The afterbody, in combination with the wake of
the forebody, causes a roach (or "rooster's tail") which follows
the hull behind the stern post, and often reaches a conslderable
height at speeds within a narrow range near the bump; it is
largely uninfluenced by rough water.



Thie report is concerned with the first type of forebody
spray and with the roach, Hence, the tests could be made in
gtill water and the single photograph method could be used.

Another factor to be considered, apart from the question
of emooth or rough water (single photograph ageinst moilon-
picture record), was the number of dimensions in which spray
form should be studled, TFor the roach, which is essentially
two-dimensional, a side view tells the whole story, For the
blister, side, front, and plan views are all of value, and a
method and apparatus has been developed by which all three
views may be taken simultaneously by one camera and appsar on
the same negative,

A schematic sketch on figure 1 and the photograph on
figure 2 show the gemeral layout of the photographic arrange-
ments. Two high-speed Edgerton Kodatron lights, connected in
parallel, are used for 1llumination. The camera is mounted
on the ceiling above the tank and takes a direct top view of
the model, Two large mirrors are arranged so that the camera
sees & front view of the mcdel in one mirror and a side view
in the other, The electrical circult for the lights is com-
pleted by a switch actuated by the towlng carriage.

The height of the peak of the spray blister above the fore—-
body keel ard its longitudinal location, with respect to the
neiln step, can be read directly from the side view with the aid
of a grid nainted on the side of the model; foreshortening is
smell in this view and can be neglected, The lateral location
of the peak of the blister can be obtained from the front view
with the ald of a separate photograph of a callbration grid.
Because of the foreshortening in the front view, a series of
photographs has been prepared for various longltudinal posl-
tiones of the calibration grid with respect to the position 1n
which the model is photographed; the particular grid chotograph
is then selected for which the grid position most nearly coln-
cides with the longltudinal location of the blister peak, as
already determined from the side view. The accuracy of the nro--
cedure as a whols can be Judged by the scatter of the test points
on the various charte of test results,

The teste reported hereln were carried out in greater de-
tall than is coneidered necessary for future work, This was
done to provlde a broad background at the etart. On the bebsis
of this background, it 1s believed that about bhalf as many tests



will be sufficlent in further work -~ the rednction being effected
mainly by omltting speeds, particularly in the planing range,
which is of less interest... The testing time thus saved will not
be great, but the saving in analysis time will be considorable,

AFPPLICATION OF METHOD TO A STUDY OF NFFECT OF DEAD RISH

Quantitative data are presented on the forebody spray and
on the stern roach for three related models incorporating sys+
tematic changes in the general, over-all hull deasd rise. In
previous tests of the same modeéels for resistance and porpolsing
characteristlice, reported in reforence 2, substantial quslitative
differences in the spray characteristics had appeared to exist;
these models were therefore chosen Aag being of interest in them—
selves, besldes belng appropriate models to use in a first trial
of the newly-~developed method of measurirg spray. Data were ob-
tained for ranges of apeed and lord considered likely to occur
in practice,

Spray is ordinarily of more lmportance at speeds in the
lower range than at vlaning speeds. For the lower speed range,
because the longltudinal center of gravity is usually fixed with-
in relatively narrow limlts by coneiderations of trim in tke plan-
ing range, it ig practicable fcr most purposes to reduce the deta
to a single chart representing free~to-trim tests with a single,
appropriate center of gravity position (as on fig. 5 for the 2CO
dead-rise model), Such a chart will show, in convenlent form for
reference, most of the data needed - covering variations of speed
and loed - for a given hull form,

The planing~range data are less readily combined on a gingle
chart because trilm angle has to be consldered as &an extra varieble.
But, since they are ordinarily of lesse imvortance than the lower-
speed date, thls i1s considered of small consequence and no attempt
to combine them has been made in thle report, The lesser impor—
tance of spray in the plening range 1s due mainly to the fact that
the preponderance- of the spray in this range is of very low mass,
eppearing largely as a mist, The high, solid sheets of spray,
characterigtic of the lower speeds, degenerate at planing spoeds
to less d0lld sheets of much lower helght, which are, in general,
well cleor of all parts of the alrplane.

The results of the present tests indicate much smeller dif-
ferences between the spray characteristics of the three models,



in the lower speed range,'than were antlcipated, This 1s attrlb-
utable, not to discrepanciss between the esrlier gqualltative in-
dications and the quantitatlve measurements, tut meinly to the
fact that the quantitative measursmente relate the spray dlmen—-
slonas to the hull, whereas visual observation tends to relate
them to the undisturbed water surface. This is an important die-
tinction; in order to decide upon questions of interfereace be—-
tween the spray and verious parts of the airplane, spray dimen-
slons should obviously be relative to the hull,

Models

The parent model of the series (Stevens Model No, 439~01)
was basically a 1/30-ecale model of the XPB2M~1l, with a 20° desd-
rise angle at the maln step, The other two (Models Nos., U439-02
and 439-C3) had, resnectively, 50 and 150 percent of the dead rise
of the parent at each cross sectlon, All thres models differed
from the models ordinarlly us2d at this Tank in that the sides
above the chines were voertical and extended to a mich greater
helght and that the tall cone was omitted. A grid was palnted on
the starboard slde te facilltate analysis of the photographs.
Particulars are given on page 17, and the lines of the models are
on figures 3 snd U,

Setup

The model was towed ty a simple apparatus which wermitted
freedom in heave and (when desired) trim, and provided restreint
ln heeol end yaw.

Test Procedure

All the teosts were made at constant speeds and in substan~
tiaelly atill water. The tests of each model followed the same
basic progrem, In detail:

1. Tests were made at each of a number of fixed
speeds coverng the rarnge up to get-away and
spaced so as to get a corprehensive picture
of the spray characteristics.

2. Tests at the lower speeda, up to and including
the hump, were run free-to~trim; at higher
speeds, ln the planlng renge, @& number of
fixed trims were uscd..



3. Values of the load coefficlent were chosen to
cover ranges of values likely to be found in
"practice at-the varlous speeds,

Y4, At each test condition, a three-view photograph
was taken of the model under way, Samples are
glven on figures 7 to 10. )

It was originelly planned to obtaln the roack measurements from
the three-view photograph, tut when this proved inconvenlent, speclal
supplementary side-viow photographs were taken of the roach. ThHese
covered the same ranges of loads but narrower rangeas of speeds.

Discussion of Results

Low-speed, free-to—-trim tests. — The results of the tests at

low speeds, free-to~trim, are shown fcr the three models on figures
11 to 13. These charts, one for each model, show the location of
the peek of the blister, as measured from the vhotograshs, together
with envelcpe curvos for varlatlons of Cy. The actual measure-
ments are shown by points; there 1s some scatter, but a strailght line
is seen to fit reascnably well the points for each value of 0O, .
A cross section of the blister, at 0y = 0.80 and at the value of
Cy (namely, 2.27), which puts the peak near the longitudinal posi-
tion of the main step, is shown 1n each view. These cross sectlons
are not intended to be especimlly accurate, but rather to be illus-
trative of the generel extent of the blister.

Figures 14 to 16 combine the curves for the three different
models, eech figure covering one value of C, . .From thece charts
it 18 cleer that, in the low-speed region, increasing the dead rise
lowers the blister helght relative to the hull, but by only very
little,

Selected photographs are shown on figures 7 to 9; each sheet
shows the three models at one value of C, and at the same value
ef Oy (2,27) used for showing the ~ross sections of the blisters
on the charts previously described. It will be noted that a slight
decrease of the bdlister height with lncreasing dead rise 1s evident
in the photogra-hs cn all three figures, Figure 10 repeats one nic-
ture frcm each of the preceding filgures to bring out the effect of
load on the parent model (20° dead rise).

The charts on figures 17 to 19 show the results of the supple-~
mentary tests to determine the prcfile of the roach, These charts are



to the seamé scale as the other charts in this report and are there-
fore directly comparable. They indicate that the roach is cf
critical importence only in a very short speed range, CV about

2.4 to 2.8. IEnvelope curves have been drawn and these are sum-
marized in the chart c¢n figure 20, It will be seen that the model
with 30° dead rise has by far the lowest roach at all three values
of the load coefflcient covered by the tests., The rcach may easily
strike the tall cone, thersby causlng substantlel increases of
resistence in the narrow speed range, near the hump, where the roach
is graatest.

Higzh—-sneed, fixed—trim tests, — In the high-speed region, tests
were run at various values of fixed trim. This region vas not as
exhaustively studied as the low-speed reglon because it appeared to
be of less lntcrest. As the speed increases, the blister moves
farther aft, as may be sean on figures 25 to 33, and at the light
loads, osrdinarily occurring in the plening range, the spray dces
not cften become serious,

There are essentially two parts to the spray at high speeds,
which are clearly seen in the photographs in figures 21 to 23. One
pert is the remmant into which the characteristic domelike blister
has degenerated, This appeers as & long, low, harrow ridge, almost
parallel to the hull, The other part, which was present in rudimen-
tary form at lower speeds, shoots out laterally from tho region cf
the pressure area on the forebody. The following sketch shows thke
two parts.

Lateral spray
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The lateral spray appears to be very dependent on the amount
cf dead rise. With 10° dead rise at ,the step, the amount of spray
coming <ff laterally 1s tremendous, and' increases with trim and
load; 1t would seem almost certaln to ceuse demage to any part of
the airplane which 1t struck, As the dead rise increases, the
height and volume of this spray diminishes rapldly. The remnant
cf the blister at high speeds does nnt appear to have very mich
imoortance, though 1t might occeslonally cause trcuble cn flylng
boats having twin rudders placed low down,

On all three models a tremendously confused, messy weke ap—
peared in the planing range when the trim angle was high enough
for the afterbody bottom to be wetted., This wake ususlly followed
up the afterbody sildes and would have continued out along the tall
cone if cne had been present (es ovidenced by cther experience),
thereby causing important incresses of resistance.

Goneral discussion, ~ The need for quantltative spray measure-
ments on proposed designs ls brought cut quite forecidly dy the re—
sulte here presented. These results show, for instance, that dead
rige does nut hrve a very important influence on the height of the
sprey at low epeeds when mengured with respect to the hull, Yet
thore have been varicus comments, origineting at this Tank as well
as elsewhere (references 2, 3, and U4), to the effcet that increased
dead rise reduces the spray height. These comments are probably to
te attributed to the tendency, proviously sugzested, for the eye to
refer spray heights tc tre surrounding still—water surfeco rather
than to the model. With increased decad rise the spray 1s lower rela-
tive to the water surface, but the m~del sinks deeper into the water
go thrt the net effect, relatlive to the form, 1s emall,

The chart on figure 5 shrws the free—~to~trim results obtalned
on the model with 20° deed rise, for the low-speed range where the
spray characteriegtice are ¢f mcet importance. The bottem of this
model, un to and 1lncluding the chines, 1s the same as the bottom
of the XPB2M-1 lmll, The maln features of the XPB2M-1 flyilng boat
have been drawn in cn this chart, as previcusly mentioned. The in-
board flap i1s sh~wn deflected tc 30° ~ its normal pesition during
take—off, It will be noted that for Oy = 2.5, when 0, wculd
be about 0.80 with the normal gross lcad of the flying boat, the
spray clears the flap. However, as discussed at greater length in
the apoendix, speclal tests of a mcdel of the XPB2M-1, and ex- .
perience with the actuml flying boat, showsd that comparatively
large amounts of apray struck the flap on the low side when a heel
angle c¢f the order of 3° was introduced. The present report does
not cover the effects of heel angle; the XPB2M-1 case merely brings
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ocut the need for further work in which 1t i& coneidered, Tke chart
shows that, wlth normal loadlng, the propellers are well clear of
the spray; the roach, however, wets the tell cone and undoubtedly
causes increesed resistance for a short range of speeds.

It 1s believed that the method of spray measurement described
in this report has several advantagese. It allows reasonably ac-
curate measurement of the spray cheracteristics. At the same tine,
the tests may be run nff quite quickly (as many as 90 photographs
have been teken by thils method in 3 hr). It is not necesssry even
that the photographs be analyzed if a designer is in a hurry for
en answer. With tests of twc mcdels under ctherwise identical ccn-
ditions, a photographlic nezgetive fcr cne model can be lald cn a
photggraphlc positive for the other and direct comparison made.

It is belleved that the method can be used to advance a general
¥mowladge of spray and rcach characteristics and thereby contri-
bute to improvement of hull deslgns.

Further basic work apnears necessary tn clarify the effects
on the spray characterligstice af rurning propellers and of heel angle.

CONCLUSIONS

1. A simple and rapld means has been developed for making
quantitative spray tests on models cf flylng~boat hulls,

2. On the basis of results cbtained on three m~dels, it 1s
concluded regarding the effect rf dead rise, that:

(a) Spray 1is, in general, cf more importance at
lower smeeds than et planing speeds,

(b) At the lower speeds, up tc and including the
hump, the hull dead rise does not have a very
prenounced effect on the height of the spray,
when this 1s measured relative to the mmll,
though increesing the dead rise lowers the
svray very slightly., Greater load increases
the spray helzht very rapidly on all threes of
the mcdels 1lnvestigated,
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(c) At speeds just prior %c the hump, the roach at
the stern 1s dependent, to a marked degree,
- -+ - -on the dead: rige, - Increasing the dead rlse
lowers the height of the roach, Greater load-
increases the height of this roach.

(d) At planing speeds the remnants of the blister
are not very important, The spray that is
thrown cut laterally 1s very high at low dead-
riese angles, Its helght increases mss trim
angle and load are increased - singly or in’
combination,

3, From the discussion in the appendix, i1t 1s ccncluded that,
with nearly all reasonably conventional mcdels, nc true scale effect
on spray need be expected.

Stevens Institute ¢f Technology,
Hoboken, N. J.,, July 28, 1943,

APPENDIX

GENERAL KOTES ON SCALE EFFECT IN SPRAY TESTS

The question of scale effect rn spray formaticn arises from
time to time. (See, f'r instance, reference 5.) The thcuzht ap~
pears to be that surface tensl~n, c¢r scmething of that sort, which
is unimportant in flylng-boat slze, becomcs nf sufficient impor-
tance in model size to influence the spray pattern, even thcugh it
does not appreclably affect true gravity waves, Certaln well-known
experimentes ¢f Sottcrf on a particular serles of mcdels of differ-
ing slze (reference 6) are sometimes quoted in suppert of this
view., But Scttorf's experience does not seem to have been borne
cut generally, and may posslbly be an isolated cass,

To the casual observer there are large apparent differences
between the spray blister on & flying boat and that on a model,
These differences are certainly attributable 1n large pert tc the
fact that the spray blister on a model ordinerily has a distinctly
"glasey" appeerance, while on a flying boat 1t 1s split up into
myriads of dropletd,” However, under the right ccnditions, glassy
blisters will sometimes form akfull—-scale, while, on the other
hend, the model blister can be broken up by reducinz the surface
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tension. Experiments on mcdels have been mede at this Tank, for
instance, in which the surface tension of the water was reduced
in the ratio of about 1l:3 by the addition of a "wetting agent".
The result was to break up the bdlister into flne spray; the
envelcpe shape was, however, practically unchanzed, and 1ts helght
and locatlion unaltered,

Ccombea, in references |7 end 8, states that, with sharp chines,
flylng boat and model may be expected tc glve very simllar results,
He goes cn to say that "™ith rcunded chines, the flow on the small
mcdel breasks away, but that ~n the large cne fcllows round the
chines ., . . ." This can hardly be due to surface tensicn since
the smaller model has proportirnately larger surface tension ferces,
and the statement 1s 1n dlrect oppositicn to the usual criticlan
that the "flew” (presumably Cncmbes 1s referring to e thin sheet)
on & smeller model tends to follow a convex surface more readily
than on & large model, But the fact 1s, in any case, that most
forms have gharp chlnes,

Mitchell (reference 9) adds to the confusion, in dlscussing
the behavior ~f 1/8- and 1/12-gcale models, when he states that the
smaller Fmndel aleo appeared much dirtier than the larger cne."

Richardson (reference 10) tells of one instance in which
meving plctures of the waves created by models were ceompared wilth
moving victures of the weves created by full-size flying bcats, the
compariscn showlng remarkable egreement, In another instance, a
now model, based cn an o0ld one but to a dAlfferent scale, appeared
to glve more spray than the origlnal; r~n retesting both on the same
occaslon, hewever, the condlticns were found to be substantlally
identical, Further, photographs showed the full size to be in good
agresment with the mcdels,

Early full-scale flight tests ~f the XPB2M-1l showed that, at
moderato speeds during take-cff, large quantities ~f heavy spray
occasicnally struck cne of the wing flaps with sufficient force
to cauge damago. It appeared that the damage occurred c¢n the low
slde while the alrplane was heeled far encugh to put the low wing-
tip float ontn the water. Model experiments were undertaken at
this Tenk to investigate this matter. A wire frame representing
the outline cf the flap was fitted to a 1/3C~-scale mcdel (having
the same beam as the mcdeles considered in this report)., It was
fcund that with nc heel angle the spray blister just missed the
"flap," and this was borne out by meving pictures cf a 1/12-scale
aodel tested by the MACA (likewise without self-propulsicr), Hew-
ever, when the 1/30—scale medel was glven the same heel angle as
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the full-size airplane, the spray blister passed through the wire
representation of the flap, Alterations to the model succeeded
in correcting the trouble, and the same alteratlon was applied
successfully to the actual flying boat. This 1s the most satis-
factory confirmation of similarity in the spray formationa on
mofel and flylng boat within the experionce of this Tank, and it
should be especially noted that it wes obtmined with a model which
was not self-propelled.

Self-propelled-model tests of a twin-engine flyling boat have
been revorted by the NACA in reference 11, where 1t 1s stated that
# . . . the slipstream greatly increases the helght and the volume
of undesirable spray at taxying speeds. The slipstream reduces
the height and amount of water striking the tall surfaces at high
speeds,” It is not very clear whether the running propellers had
any strong influence on the relatively heavy spray blister as
such, or whether their effect was limited tc the reasonably light
spray ordinarlily frund in the alr near a blister. The statement
regarding slipstream effect at high speeds (that it reduces "the
height and amount of water strilking the taill surfaces"), can
hardly be intended to apaily to anything other than the light spray
found near the afterbody at high spceeds when self-propulsion ie
not employed.

If the propellers were to get into the relatlively heavy spray
blister at taxylng speeds, it seems almost inevitable that they
would suffer serious damage, On the other hard, it is not sur-
prising that they pick up a large amount of 1light, loose spray and
fling 1t back over the wing., It would appear possible that the
slipetream might lower the helght of the blister aft of the plane
of the propeller disk, because of the relatively higher alr
velocities existing there. The experience with the XPB2M-1 de-
acribed previously appears to lndlcate, however, that the slip-
stream aft of the plane of retation may not have any appreclabdle
influence on the heavler water in the true blister.

It le not thought that the region ahead of the plane of ro-
tation could be very strongly influenced because of the relatlively
low alr velocltles 1n this reglon. It 1s known, of course, that
idling propellers on landplanes will pick up spray from a puddle
directly underneath the propeller and that the propeller wlll some-
times, when rotating at somewhat higher speed, condense spray out
of the atmosphere. The actual mass of water involved in both of
these cases 1s, howaver, very smmll, It 1s suzgested therefore
that, 1n moet instances where the propeller picks up spray, very
low masses of water are involved - which may pit the propeller
blades but scarcely cause structural damage to the alrplane.
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Systematic, quantlitatlve experiments with a self-provelled
model would be of considerable ald in clearing up the influence
of propellers on the spray characteristics. TUntil further evi-
dence 1s avallable on thia polnt, however, 1t 1s believed that,
in most reasonably conventional cases, the spray blisters on
flying boat and model can be expected to be strikingly similar
under correeponding conditions.
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